Summary. The muscle coat of the lower region of the mouse oviduct undergoes morphological changes during pregnancy and post-partum. Ultrastructural examination and morphometrical findings show that, during pregnancy, the smooth muscle cells undergo a significant increase in both the number of mitochondria and caveolae and in the extension of the rough endoplasmic reticulum and Golgi apparatus, suggesting an enhancement of metabolic activities, especially protein synthesis. Within two days after delivery, the number of mitochondria and caveolae is similar to that of non-pregnant mice, whereas the extension of the rough endoplasmic reticulum and Golgi apparatus further increases significantly. The cytological signs of enhanced protein synthesis in the smooth muscle cells of the lower oviduct during pregnancy and, especially, in the post-partum period are probably related to a remodelling of the intercellular connective tissue matrix.
Previous ultrastructural studies on the mouse oviduct have demonstrated that the smooth muscle cells undergo substantial modifications during the various phases of the estrus cycle (FAUSSONE-PELLEGRINI and BANI, 1990) , and that the upper oviductal region, including the infundibulum and ampulla, markedly changes during pregnancy and post-partum (FAUSSONE-PELLEGRINI et al., 1991) , as compared with cycling mice.
It has also been shown that the muscle coat of the upper region of the mouse oviduct exhibits architectural and cytological features different from the lower region, which extends from the ampullary-isthmic to the utero-tubal junctions and has morphological features similar to those of the myometrium (FAUSSONE-PELLEGRINI and BANI,1990; VIZZA et al.,1991; MUGLIA et al., 1991) . These regional differences in smooth muscle cell cytology between upper and lower oviducts in cycling mice are obviously related to the different contractile activities involved, respectively, in the fertilization and transport of the egg towards the uterus (BOLING and BLANDAU, 1971; HAFEZ,1973; SAMUELSON and SJOSTRAND, 1986) .
The characteristics of the morphological changes observed in the upper region of the mouse oviduct during pregnancy and post-partum were different from either those observed at the same level during the estrus cycle (FAUSSONE-PELLEGRINI and BANI, 1990) or those occurring in the myometrium during pregnancy and post-partum (CSAPO and CORNER, 1953; LAGUENS and LAGRUTTA, 1964; CSAPO et al., 1965; REYNOLDS, 1965; DE MATTOS et al., 1967; DESSOUKY, 1968; KELLY and VERHAGE, 1985; THILANDER and RODRIGUEZ-MARTINEZ, 1989a, b, 1990) .
The aim of this study is to investigate ultrastructurally and morphometrically whether changes also occur in the lower region of the mouse oviduct during pregnancy and post-partum and, if so, to compare them with those observed in the upper portion of the oviduct.
MATERIALS AND METHODS

Animals
Twenty-four adult virgin albino mice of the Swiss strain, weighing approximately 30 g, were used. All were in early estrus. The phase of the estrus cycle was determined by a Papanicolau test on vaginal smears in the afternoon of the day before mating. Each female was left together with a male overnight. Twenty mice underwent fertilization, the remaining four being used as non-pregnant controls. The pregnant mice were divided into five groups. Three groups of four animals each were sacrificed one, two or three weeks after mating. Two groups were sacrificed the first day and the second day after delivery. The mice were killed by prolonged ethyl-ether anaesthesia. After being laparatomized their oviducts, attached to their respective uterine horns, were removed. Under a dissection microscope, the isthmus and the juxta-uterine portion of the oviduct were resected from the uterine horn and processed for electron microscopy examination.
Electron microscopy
Tissue fragments were fixed in 4% glutaraldehyde in 0.1M cacodylate buffer, pH 7.4, postfixed in 1% Os04 in 0.1M phosphate buffer, pH 7.4, dehydrated in graded acetone series, and embedded in Epon 812 using flat moulds. Ultrathin sections were stained with uranyl acetate and alkaline bismuth subnitrate and examined under a Siemens Elmiskop 102 electron microscope at 80kV.
Morphometry
The morphometrical analysis was performed on 12 different electron micrographs of smooth muscle cells, 6 from the circular and 6 from the longitudinal muscle layer, either transversely or longitudinally sectioned. These were chosen at random from each experimental group (3 for each mouse) and at a final magnification of x35,000.
The volume density of mitochondria, or Golgi apparatus, or rough endoplasmic reticulum in the smooth muscle cells (V/V) was evaluated by point counting with a double square test lattice after Merz (WEIBEL, 1979) , with a distance of test points d1=1cm for small points and d2=2cm for large points. Small points (p) were used to measure mitochondria and rough endoplasmic reticulum, large points (P) for the Golgi apparatus and for the cytoplasm. The volume density was computed by the following equations: for Golgi apparatus: VG/Vicell=PG/Pcell; for mitochondria: Vm/Vicell=pm/(4Pcell);
for rough endoplasmic reticulum: Vr/Vicell=pr/(4Pcell).
The boundary length of the plasma membrane (B) was computed by intersection (I) counting with a curvilinear isotropic test lattice after Merz (WEIBEL, 1979) and applying the equation B=Id/M: d=1.84 cm being the distance between test lines, and M being the magnification of photomicrographs.
Statistical analysis
The volume density of mitochondria, Golgi apparatus and rough endoplasmic reticulum and the number of profiles of caveolae/mm cell boundary in the smooth muscle cells of circular and longitudinal muscle layers of the oviduct in estrus, pregnancy and postpartum were checked for homogeneity of variance by Bartletts test. Since no significant inhomogeneity was found (the value of the test was, in each case, lower than that necessary to exclude homogeneity with p<0.05), data were further subjected to a split ANOVA test, with two tails, assuming as error variance that stemming from individual differences. Probability levels that differences were due to chance, less than 5% (p<0.05), 1% (p<0.01) or 0.1% (p< 0.001), were recorded and accepted as significant. Mean values and their standard deviations are presented in Table 1 .
There was no significant difference between muscle layers (circular vs. longitudinal), whereas significant differences were found between experimental conditions. Differences among experimental conditions were tested pooling together, for each parameter and each experimental condition, the values for the circular layer and those for the longitudinal layer. Then, the values for each experimental condition were compared with those of each other experimental condition with Students t test. All tests were two tails. Probability levels that differences were due to chance, or less than 5%, were registered and accepted as significant.
RESULTS
Visual examination
during pregnancy showed the smooth muscle cells of both circular and longitudinal muscle layers appearing considerably enlarged, as compared with their counterparts in estrus (Figs. 1-3) . Moreover, the number of mitochondria and caveolae was increased and the rough endoplasmic reticulum and Golgi apparatus appeared more extended (Figs. 2-6 ), whereas no appreciable change occurred in the extension of smooth endoplasmic reticulum.
Morphometrical analysis (Table 1) revealed that, from the second week to the end of pregnancy, there was a significant increase, as compared with controls, in the volume density of mitochondria and in the extension of the rough endoplasmic reticulum and Golgi apparatus. The number of caveolae per unit of the plasma membrane length rose significantly at the termination of pregnancy (Figs. 3A, B, 6 ), whereas no appreciable increase was found in the earlier stages of pregnancy (Fig. 2) . No significant difference between circular and longitudinal muscle layers was found (Table 1) .
Cells with the features of differentiating smooth muscle cells (myoblasts) and gap junctions between smooth muscle cells were never observed during pregnancy nor before delivery. From the second week of pregnancy, collagen fibers with typical cross banding and a diameter ranging from 30 to 60nm were numerous (Figs. 2, 3A, B) . During post-partum, some of the changes which occurred during pregnancy regressed completely, while others became even more marked immediately after delivery (Figs. 7, 8) to then regress. In particular, early in post-partum, the volume density of mitochondria and the number of caveolae decreased significantly, whereas the rough endoplasmic reticulum and Golgi apparatus increased even more (Table 1) , becoming larger than at pregnancy at full term (Figs.  7, 8) . Another peculiar finding of the post-partum period was the presence of numerous pleomorphic lysosomes scattered throughout the cytoplasm either singly or in small clusters. Some of them resembled myelin-like figures, and others primary lysosomes or autophagic vacuoles containing whole mitochondria or their remnants (Figs. 7, 8) .
The first day after delivery, some infolds of the smooth muscle cell plasma membrane containing small bundles of collagen fibers appeared (Fig. 8) . One day later, the intercellular matrix displayed the same features as in estrus.
DISCUSSION
The results of the current study show that the smooth muscle cells of both the circular and longitudinal muscle layers of the lower region of the mouse oviduct during pregnancy and the post-partum period become hyperthrophic, undergoing marked cytological changes consistent with enhanced metabolic activity and protein synthesis.
During pregnancy, in fact, the extension of the rough endoplasmic reticulum and Golgi apparatus of the smooth muscle cells increases significantly, similar to the myometrial cells which in this period are thought to be engaged in the formation of collagen and elastic fibers of the uterine stroma (LAGUENS and LAGRUTTA, 1964; DESSOUKY, 1968; KELLY and VERHAGE,1985) . This may imply that, similar to myometrium, the stroma of the lower oviduct undergoes a remodelling during pregnancy, although without showing (OTTANI et al., 1992 ) the modifications in the collagen fiber shape and size which were noted during this period at the upper oviduct (FAUSSONE-PELLEGRINI et al., 1991) .
Our previous studies on the upper oviduct showed that during pregnancy the smooth muscle cells become enriched in mitochondria, caveolae and smooth endoplasmic reticulum (FAUSSONE-PELLEGRINI et al., 1991) . The smooth muscle cells of the lower oviduct also become enriched in caveolae and mitochondria but do not show pregnancy-induced changes in the extension of the smooth endoplasmic reticulum. This differing response of the smooth muscle cells in these two parts of the oviduct is probably related to regionspecific differences in their contractile activities, these being spontaneous (myogenic) in the upper oviduct and controlled by the former (peristaltic) in the lower oviduct.
Smooth muscle cell hyperplasia has been found in the lower oviduct during proestrus (FAUSSONE-PELLEGRINI and BANI, 1990 ) and probably still occurs in the earlier stages of pregnancy. Later on, during the stages here studied, cells with the features of differentiating smooth muscle cells are no longer observed, similar to what has also been noted for the upper oviduct (FAUSSONE-PELLEGRINI et al., 1991) .
Furthermore, unlike the uterine smooth muscle cells which develop gap junctions just before and during delivery (GARFIELD et al., 1978; THILANDER and RODRIGUEZ-MARTINEZ, 1990 ), all oviductal smooth muscle cells have been found lacking these. This suggests that gap junctions are not needed in this region for the propagation of the contractile waves.
The numerous lysosomes and autophagic bodies found in the smooth muscle cells after delivery are probably engaged in the destruction of cell components no longer needed, as also observed in the upper oviduct during pregnancy and in metestrus (FAUSSONE-PELLEGRINI and BANI, 1990; FAUSSONE-PELLEGRINI et al., 1991) .
The rough endoplasmic reticulum and Golgi apparatus greatly enlarge immediately after delivery, becoming, only two days afterwards, similar to estrus. This finding strongly suggests that after delivery smooth muscle cells are still engaged in active protein synthesis, probably needed in the remodelling of the interstitial connective tissue, as also occurs in the same period in the endometrium (ZORN et al., 1986) . The role of lysosomes in the destruction of the intercellular matrix cannot be ruled out, although clearcut images of internalization and intracellular degradation of connective tissue components could not be found in this study.
In conclusion, during pregnancy the muscle coat of the entire oviduct undergoes morphological changes. Some of these are consistent with an increased contractile activity (especially at the upper oviduct), and others with an increased protein synthesis (especially at the lower oviduct). Moreover, during the post-partum period, the protein synthesis likely serving for a remodelling of the intercellular connective tissue matrix seems further enhanced in the lower oviduct.
